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(54) Improved transparent, flexible permeability barrier for organic electroluminescent devices 



(57) A barrier for preventing water or oxygen from a 
source thereof from reaching a device that is sensitive 
to water or oxygen. The barrier is constructed by depos- 
iting a first polymer layer[191] between the device and 
the source. An inorganic layer[192] is deposited on the 
first polymer layer[191] the device by plasma enhanced 
chemical vapor deposition utilizing an electron cyclotron 
resonance source ECR-PECVD. A second polymer 
layer[193] is then deposited on the inorganic layer(192]. 



The inorganic layer[1 92] is preferably an oxide or nitride. 
A second barrier layer[201] having a compound that 
absorbs oxygen or water can be placed between the 
inorganic layer[192] and the device to further retard the 
passage of oxygen or water. The present invention is 
particularly useful in encapsulating electroluminescent 
displays[100, 203], 
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Description 

[0001] Organic light emitting devices (OLEDs) are 
emissive displays consisting of a transparent substrate 
coated with a transparent conducting material, such as 
Indium Tin oxide (ITO), one or more organic layers, and 
a cathode made by evaporating or sputtering a metal of 
low work function characteristics, such as Ca or Mg. 
The organic layers are chosen so as to provide charge 
injection and transport from both electrodes into the 
electroluminescent organic layer (EL) where the 
charges recombine, emitting light. There may be one or 
more organic hole transport layers (HTL) between the 
ITO and the EL, as well as one or more electron injec- 
tion and transporting layers (EL) between the cathode 
and the EL. 

[0002] OLEDs hold out the promise of providing inex- 
pensive displays. In principle, these devices can be 
manufactured on flexible substrates and fabricated 
using "roll-to-roll" processing equipment. Inexpensive 
equipment for such fabrication operations such as poly- 
mer film coating devices, metal evaporators and lithog- 
raphy equipment capable of providing the deposition of 
the various layers are already available. For example, 
Web coating devices for thin polymer films that are a few 
feet wide can operate at a feed rate of hundreds of feed 
per minute. 

[0003] To function over extended periods of time, an 
OLED must be sealed to prevent water and oxygen from 
reaching the cathode and polymer layers. Unfortunately, 
polymers having sufficiently low permeability to water 
and oxygen are not available. For example, Polyethyl- 
ene terephthalate) or PET, which is used as a command 
substrate for Web processing has a water permeability 
that is so high that devices constructed thereon begin to 
degrade almost immediately due to reaction of water 
from the air with the cathode material. Accordingly, 
some form of sealant coating must be applied to the pol- 
ymer to achieve the required resistance to water and 
oxygen, in addition, the cathode layer must be sealed 
on the other side of the device to prevent water and oxy- 
gen from entering from that side and destroying the 
cathode. 

[0004] One coating technique that has shown promise 
is the Polymer Multilayer (PML) technique described in 
U.S. Patents, 4,842,893, 4,954,371, and 5,260,095. In 
this technique, a coating consisting of a layer of polymer 
and an layer of an aluminum oxide is applied to the flex- 
ible substrate to seal the substrate. Both the deposition 
steps can be operated on Web processing equipment at 
very high speeds. While the resistance to water and 
oxygen permeation is improved by three to four orders 
of magnitude relative to uncoated PET films, the result- 
ing films are still sufficiently permeable to limit the life- 
time of the OLEDs in application requiring lifetimes of 
several years and/or exposure to hot humid environ- 
ments. Using accelerated lifetime test procedures, it can 
be shown that the permeation rate should not exceed 



about 4 x 10' 7 moles H 2 0/m 2 day in order to have a 
storage lifetime of 10 years. The best films currently 
available have permeabilities that are at least a factor of 
50 too high. It should be noted that applying several pol- 
5 ymer bilayers does not improve the resistance to water 
and oxygen sufficiently to provide the required increase 
in resistance. 

[000S] Broadly, it is the object of the present invention 
to provide an improved OLED display and method for 

10 making the same. 

[0006] It is a further object of the present invention to 
provide a method for constructing a PML that has suffi- 
cient resistance to water and oxygen permeation to pro- 
vide OLEDs having commercially useful lifetimes. 

is [0007] These and other objects of the present inven- 
tion will become apparent to those skilled in the art from 
the following detailed description of the invention and 
the accompanying drawings. 

20 Summary of the Invention 

[0008] The present invention is a barrier for preventing 
water or oxygen from reaching a device that is sensitive 
to water or oxygen. The barrier is constructed by depos- 
es iting a first polymer layer between the device and the 
source. An inorganic layer is deposited on the first poly- 
mer layer of the device by plasma enhanced chemical 
vapor deposition utilizing an electron cyclotron reso- 
nance source ECR-PECVD. A second polymer layer is 
30 then deposited on the inorganic layer. The inorganic 
layer is preferably an oxide or nitride. A second barrier 
layer having a compound that absorbs oxygen or water 
can be placed between the inorganic layer and the 
device to further retard the passage of oxygen or water. 
35 The present invention is particularly useful in encapsu- 
lating electroluminescent displays. 

Brief Description of the Drawings 

40 [0009] 

Figure 1 is a cross-sectional view of a portion of an 
OLED display according to the present invention. 

45 Figure 2 is a cross -sectional view of a device that is 
further protected by an oxygen or water absorption 
layer. 

Detailed Description of the Invention 

50 

[0010] The manner in which the present invention 
gains its advantages may be more easily understood 
with reference to Figure 1 which is a cross-sectional 
view of a portion of an OLED display 100 according to 
55 the present invention based on the color conversion 
methodology. Display 100 is constructed on a plastic 
substrate 161 such as the PET substrate material dis- 
cussed above. The light that is converted to the primary 
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colors is generated in an EL layer 1 18. The light in EL 
layer 118 is generated by connecting row and column 
electrodes to the appropriate power supplies. For the 
purposes of this discussion, the row electrodes 1 1 7 will 
be assumed to be the anode of the device, and the col- 5 
umn electrodes will be assumed to be the cathode. The 
cross-sectional view shown in Figure 1 is taken through 
one row electrode. The column electrodes run at right 
angles to the row electrodes. Typical column electrodes 
are shown at 131-133. Light generated at the intersec- w 
tion of a row and column electrode illuminates a color 
conversion strip that lies below the column electrode. 
The color conversion strips corresponding to electrodes 
131-133 are shown at 121- 123, respectively. Strip 121 
converts the light emitted by layer 1 1 8 to blue light. Sim- 7 5 
ilarly, strip 122 converts the emitted light to green, and 
strip 123 converts the emitted light to red. The portion of 
the display shown in Figure 1 includes the column elec- 
trodes for three full color pixels shown at 1 13-1 15. 
[0011] The various organic layers that make up the 20 
light emitting and injection layers are deposited over the 
patterned anode eieUruu'es. To simplify the drawing, 
these layers are shown as a single light emitting layer 
1 18; however, it is to be understood that layer 118 may 
be constructed of a number of sub-layers that facilitate 25 
the injection of holes and electrons into an EL layer as 
described above. Since the fabrication of such a multi- 
layer structure is conventional in the art, it will not be 
discussed in detail here. It is sufficient to note that the 
layers can be deposited by spin casting, dye sublima- 30 
tion, web coating, or various "printing" techniques 
depending on the particular material system chosen. 
[0012] The cathode lines are constructed from a low 
work-function material such as calcium or magnesium. 
Shadow masking techniques for depositing such elec- 35 
trodes are also well known in the art, and hence, will not 
be discussed in detail here. 

[0013] As noted above, the final displays need to be 
encapsulated to prevent oxygen and moisture from pen- 
etrating to the cathode electrodes and the light emitting 40 
layers. Such encapsulation layers are shown at 171 and 
172 in Figure 1. In the present invention, the encapsu- 
lating layers are constructed as PML layers analogous 
to those described above Each encapsulation layer 
Jum I m* inu uu l j i uu I ujuj u i iu ft i ftyfti ul iiiuiyaulu 
oxide or nitride sandwiched therebetween. The polymer 
layers corresponding to encapsulation layer 171 are 
shown at 1 81 and 1 83, respectively. The oxide or nitride 
layer corresponding to encapsulation layer 171 is shown 
at 182. Similarly, the polymer and oxide or nitride layers so 
corresponding to encapsulation layer 172 are shown at 
191, 193, and 192, respectively. 

[0014] The polymer layers are deposited by evaporat- 
ing a monomer for the polymer into a coating chamber, 
which is typically evacuated The portion of the device 55 



device is moving over during the coating process. The 
monomer solution condenses on the device forming a 
uniform liquid coat that fills in the various gaps thereby 
planarizing the surface. The monomers are then cross- 
linked by exposure to a radiation source such as a UV 
lamp. The deposition of the polymer layers is discussed 
in detail in the above-cited patents, which are hereby 
incorporated by reference, and hence, will not be dis- 
cussed in further detail here. It is sufficient to note that 
the resulting polymer surface is exceptionally smooth. 
[001 5] The inorganic oxide is applied over the polym- 
erized polymer surface. In prior art encapsulation sys- 
tems utilizing the PML technology, the oxide was 
applied by sputtering or evaporation. The extremely 
smooth polymer surface provides a low defect surface 
for the application of the oxide. Accordingly, the oxide 
has relatively few pinholes through which oxygen or 
water can travel. However, the oxide layer still passes 
sufficient oxygen and/or water to limit the device life- 
time. The present invention overcomes this limitation. 
[0016] The permeability of the oxide layer is deter- 
mined both by the density of pinholes in the layer and 
density of the oxide material. The PML technology 
addresses the pinhole problem; however, the deposition 
techniques utilized in the prior art systems do not pro- 
vide a sufficiently dense oxide layer to limit permeability 
to the desired levels. The present invention is based on 
the observation that oxide or nitride layers deposited by 
plasma enhanced chemical vapor deposition utilizing a 
high density plasma, particularly an electron cyclotron 
resonance source (ECR-PECVD) have significantly 
higher densities than those deposited by the methods 
taught in the prior art, while allowing deposition under 
conditions that do not damage the underlying polymer 
layers. 

[0017] High-density plasmas are characterized as 
having a very small sheath voltage, on the order of 5 
times the electron temperature in eV, at surfaces con- 
taining the plasma. This is in contrast with low density 
plasmas which have capacitive coupling and high 
sheath voltages at walls. In capacitive plasmas the 
power into the plasma is coupled to the potential of ions 
striking the walls. In high-density plasmas, the potential 
of ions striking the walls is inhejgnjly_y_e^^ 

CUMWUIIUU By aafllrtfi capacilively coupled power at 
the substrate. Hence, a high-density plasma provides a 
high flux of low energy ions along with a high flux of 
reactive species that are generated at the surface to be 
coated. This enables the deposition of usable dielectrics 
at temperatures compatible with polymers. Dielectrics 
such as silicon nitride, silicon dioxide, aluminum oxide, 
silicon carbide, silicon oxynitride, and such can be 
deposited utilizing this technique. 
[0018] A number of high-density plasma systems are 
available For example, such systems may be pur- 
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